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total amount requested is $440,689. This
project will be administratively distinct
within the Computer Science Department.

Network-based Graphical Design System
A graphical design system is to be developed using resource sharing
over the Arpanet.

Minimal-cost display terminals connected to the
network will permit users to interactively design large digital
systems and formulate fabrication specifications for components,
including VLSI chips.

The proposed design capability will utilize commercially available
equipment and operating systems. It will include the capabilities of
the earlier SUDS system [i] as well as some new features.
Background in design automation
Beginning in 1970, members of the Stanford Artificial Intelligence
Laboratory developed a computer-aided design system called SUDS
(Stanford University Design System). It became the first design
system that permitted the user, working at a graphical display
terminal, to design digital systems both in terms of their logic
drawing representation and their physical representation (PC card or
wire-wrap) and to keep straight the relationship between these
alternate representations. Once a design was completed, semiautomatic fabrication of cards and wire-wrap was done under control of
tapes produced by SUDS.

SUDS is currently in use in at least four universities and four
It has been used to design
computer equipment manufacturers.
something over 10 major computer systems so far, including DEC's KLIO,
DECsystem 20s, and VAX.
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SUDS was subsequently augmented by the SCALD system for structured
design [2], which facilitates hierarchical top-down design. This
system is currently being used in a major computer development project
called "S-l" at the University of California's Lawrence Livermore

Laboratory.

One thing that has been learned through the use of the SUDS and SCALD

design systems is that giving individual designers the ability to work
efficiently over several levels in the design hierarchy leads to much
more rapid and reliable system development. There are often shortcuts
or solutions to sticky problems that can be found by moving down one
level in the design hierarchy.
NetSUDS

There is now increasing interest in the application of design
automation techniques to very large scale integrated circuits (VLSI)
[3]. It is proposed that the graphical design and automatic
frabrication capabilities represented by SUDS and SCALD be extended
into the VLSI design domain and that the resultant system be made to
support remote design via display terminals connected to the Arpanet.
Let us call this desired capability "NetSUDS".
While it will be possible to draw on experience gained from the
existing design systems, there are enough new requirements in the
NetSUDS capability outlined above to require fundamental redesign.
The desired system must deal with very large data structures, hence
the computer used for support of interactive design should have both a
very large main memory and a large address space. A suitably
configured VAX computer would be a good choice.

In order to provide the NetSUDS capability, it is necessary to
partition the required processing support between the terminal system
that is local to the user and the larger central computer. It is also
necessary to develop network graphics protocols that will make the
central data structures accurately reflect the graphical constructs as
they are entered and to maintain quick-response display of changes.
How the processing task between the local terminal and the central
computer is partitioned will be a key design decision.
The plan is to implement the interactive design system on several
different types of graphical display terminal, with each containing at
least a microprocessor. The system will be made to work with either
color or black and white displays, as needed. While the development
of a design capability using different kinds of displays will require
separate programs for each terminal type, the program in the central
processor should remain largely unchanged.
When the design is complete, the user will be able to transmit
fabrication specifications to whatever facility is going to produce
the device, possibly another site on the Arpanet.
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Equipment
The design system will use computer equipment already planned for or
in existence (SAIL PDP-10 system and the VAX system provided under
[3]). The remote design capability will be demonstrated using at
least three types of display terminal: a refresh vector type, a
storage

tube terminal, and a bit-map

raster

display.

Capital equipment budgeted below covers the vector-type ($30,000 for a
Three Rivers terminal, or equivalent) and storage tube terminal
($lO,OOO for a Tektronix equivalent). A bit-map raster display with
color capability will be made available from other sources at no cost
to this contract.
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Implementation plan
Initial work on this system will use the SAIL PDP-10 computer system.
As soon as the VAX system has suitable communication and display
facilities, the main development work will shift to that system, but
with some services still to be provided by the SAIL system.
The first year's work on the proposed system will focus on preliminary
design and basic development of the central data structures and
communication protocols needed to support the remote design
capability.

The second year will be devoted to making the system work with the
various display terminals. While this involves writing programs for
each display type, most of the central processor programs should
remain fairly stable.
The system will be made available to designers during the third year

shake down and evaluate the various features. Based on experience
with these design efforts, new features will be added to get around
any shortcomings or to extend the capabilities of the system.
to

Personnel

John McCarthy and Les Earnest, are the Director and Associate Director
of the Stanford Artificial Intelligence Laboratory and oversaw the
earlier SUDS development work as well as the design of the processor
that became the prototype of DEC's KLIO and DECsystem 20.
Dick Helliwell was the principal developer of the SUDS system and has
been responsible for its evolutionary development over the last eight
years, both at Stanford and DEC.
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Budget

Period: 3 years beginning 1 October 1979.
Salary estimates for later years are based on 7% annual rate of
increase.

Staff benefits are 21.6%,
-23.2%, 9/1/81-8/31/82.

9/1/79-8/31/80; 22.4%, 9/1/80-8/31/81-

Other direct costs include telephones and other communications, report
printing costs, and other direct operating expenses. These cost
estimates are computed at 11% of salaries, rounded to the nearest
$100, based on recent experience with similar projects.
Computer costs represent a share of the SAIL computer cost center and
includes salaries of the system programming and maintenance staff,
operating expenses, and amortization of University-supplied
computer
equipment. A separate budget for this cost center is available.
Indirect

costs

equipment.

are 58% of total direct
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costs

excluding capital
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FY '80

FY '81

FY '82

0

0

0

16,760

22,417

23,986

Dick Helliwell (Computer Systems Specialist,
21,600
60% time FY '80, 100% time '81--'B2)

38,520

41,216

SALARIES
John McCarthy (Professor) (5% time)
Les Earnest (Senior Research Associate,
40% time FY '80, 50% time FY '81-'B2)

Secretary (20% time)

Total salaries
Staff Benefits
Travel (2 East coast trips/year @$600)
Computer cost (3% pie-slice)

Other direct

costs

Subtotal

Indirect

costs (58%

of above)

Capital equipment

Total

cost

Three-year total
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